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$\{\frac{1}{i}\partial_{t}-\frac{1}{2}\triangle\}u(t, X)=0$ , in $\mathrm{R}\cross \mathrm{R}^{n}$
(1.1)
$u(0, x)=u_{0}\in L^{2}(\mathrm{R}^{n})$
$u_{0}$ $u(t)$ $t\neq 0$
$([14|)$
$\text{ }$ Schr\"odinger regularizing ef-
fects








( FBI \emptyset Wigner
1056 1998 75-95 75
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2 Wigner




(2.1) Tu$(z, \lambda)=\int e^{-\frac{\lambda}{2}(z-y)}u(y)dy2$ , $(z, \lambda)\in \mathrm{C}^{n}\cross[0, \infty),$ $u\in S’(\mathrm{R}^{n})$
$(z-y)^{2}=\Sigma_{j=1}^{n}$ ( $z_{j}$ -yj)2. [2] (wave packet)
:.
(2.2) $P_{\lambda}u(x, \xi)=Tu(x-i\xi, \lambda)e-\lambda|\xi|^{2}/2=\lambda^{n/4}\int e^{i\lambda(x-y}e-\lambda(x-y)^{2}/2u(y)d)\xi y$ .
([6])
Lemma 2.1 $u\in S’(\mathrm{R}^{n})\text{ }(q,p)\in T^{*}(\mathrm{R}^{n})\backslash \{0\}$ $\rho=(q,p)\not\in WF(u)$






Cordoba Fefferman (2.2) $x$ $\xi$
” ”
Wigner $u,$ $v\in L^{2}(\mathrm{R}^{n})$ Wigner









$=(2 \pi)^{\ovalbox{\tt\small REJECT} n/}2\lambda 2n\iint a(q,p)W(f)(x, \lambda\xi)\exp\{-\lambda(x-q)^{2}-\lambda(\xi-p)2\}dXd\xi dpdq$ .
for $f\in L^{2}(\mathrm{R}^{n})$ and $a\in C_{0}^{\infty}(\mathrm{R}2n)$ .
Moyal $(\mathrm{c}.\mathrm{f}. [6])$ Fourier
$\int W(f)(x, \lambda\xi)\exp\{-\lambda(x-q)^{2}-\lambda(\xi-p)^{2}\}dXd\xi$
Remark 2.1 .(2..4) $(q,p)$.
3 ( 1) $- C^{\infty}$ category-
Schr\"odinger
(3.1) $\{$
$\{\frac{1}{i}\partial_{t}-\frac{1}{2}\triangle_{x}+V(x)\}u=0,$ $(t, x)\in \mathrm{R}_{t}\cross \mathrm{R}_{x}^{n}$
$u(0, x)=u_{0(x})$ .




$|\partial_{x}^{\alpha}V(X)|\leq B_{\dot{\alpha}}\langle x\rangle^{-1}\alpha|+\kappa$ , for $x\in \mathrm{R}^{n}$ .
$\langle x\rangle=\sqrt{1+|x|^{2}}$ . ,.
$x=X(t, X, \xi),$ $\xi=$ (t, $x,$ $\xi$)
(3.3) $\{$
$\frac{dx}{ds}=\xi$ ,
$\frac{d\xi}{ds}=-\partial_{x}V(x)$ : $x(\mathrm{O})=x,$ $\xi(0)=\xi$ .
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$\phi^{t}(x, \xi)=(X(t, x, \xi), ---(t, X, \xi))$ $h(x, \xi)=\frac{1}{2}|\xi|^{2}+V(x)$
Hamilton $V\equiv 0$ $\phi_{0}^{t}(x, \xi)$
$\emptyset_{0(x,\xi}^{t}$) $=(_{X}+t\xi, \xi)$
subquadratic
Hamilton \mbox{\boldmath $\phi$}t0(x, $\xi$ ) Rn
2 $\mathrm{R}^{n}\cross(\mathrm{R}^{n}\backslash 0)$ $(x, \xi)$
$u(x)$
$\gamma_{x,\xi}=\{X+\lambda\xi;\forall\lambda>0\}$
$x$ \mbox{\boldmath $\omega$} \xi F R
\alpha
(3.4) $|y^{\alpha}u(y)|\leq C_{\alpha},$ $\forall y\in(\omega+\Gamma)\backslash B_{R}(0)$
$C_{\alpha}$
$u(x)$ \mbox{\boldmath $\gamma$}x,\xi $x$ \mbox{\boldmath $\omega$} \xi \Gamma
R \alpha
(3.5) $u\in H^{\infty}((\omega+\Gamma)\backslash B_{R}(\mathrm{o}))$ ,
BR(0). { $x\in \mathrm{R}^{n}$ ; $\leq R$}
Theorem 3.1 \mbox{\boldmath $\kappa$} $<2$ $(A_{\kappa})$ $u(t)\in C([0, \infty);L^{2}(\mathrm{R}^{n}))$
1) $u(0)\in L^{2}(\mathrm{R}^{n})$ \mbox{\boldmath $\gamma$}x, $-\xi$
\mbox{\boldmath $\gamma$}’$x,-\xi$
$(x, \xi)\not\in WF(u(t))$ for any $t>0$
Remark 3.1 $u$ \mbox{\boldmath $\gamma$}x, $-\xi$ (resp. )
$y\in \mathrm{R}^{n}$ \mbox{\boldmath $\gamma$}y,-\xi esp. )
Theorem 3.2 \mbox{\boldmath $\kappa$} $<2$ $(A_{\kappa})$ $u(t)$. $\in c([\mathrm{o}, \infty);L^{2}(\mathrm{R}^{n}))$
(3.1) $(x, \xi)$
$N$ MN
(3.6) $\sup_{(q,p)\in\Theta}|\int W(u_{0})(\emptyset_{0}-t(x, \lambda\hat{\xi}))\exp[-\lambda(|x-q|^{2}+|\hat{\xi}-p|^{2})]dxd\hat{\xi}|$
$\leq M_{N}\lambda^{-N}$ for all $\lambda>1$
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$(x, \xi)\not\in WF(u(t))$ for any $t>0$
Remark 3.2 $\phi_{0}^{-t}$ \mbox{\boldmath $\phi$}-t
quadratic
Theorem 3.3 $V(x)$ 2
$V(x)=V_{1}(x)+V_{2}(x)$ ,
\mbox{\boldmath $\kappa$} $<2$ $(A_{\kappa})$ $V_{2}$
$V_{2}(x)= \frac{1}{2}(Ax, x)$ .
$A$
$u(t)\in C([0, \infty);L^{2}(\mathrm{R}^{n}))$ Schr\"odinger (3.1) o $(x, \xi)$
O- $N$ MN
(3.7) $\sup_{(q,p)\in\ominus}|\int W(u_{0})(\phi A(X, \lambda\xi))\exp[-\lambda(|X-q|^{2}+|\xi-p|2)-t]dxd\xi|$
$\leq M_{N}\lambda^{-N}$ for all $\lambda>1$
$t_{1}$
$(x, \xi)\not\in WF(u(t))$ for any $0<t<t_{1}$
$\phi_{A}^{t}$ $Ham.i \iota t_{on}ian\frac{1}{2}|\xi|2+V_{2}(X)$ Hamilton
Remark 3.3 $A$ $t_{1}=t_{0}/2$
$\pi/t_{0}$ $A$
Remark 3.4 2 $=I$) \mbox{\boldmath $\kappa$}), $\kappa<1$
$t>0$
$(A_{2}=I)$
Corollary 3.4 Theorem 3.3 A=I \mbox{\boldmath $\kappa$} $<1$ Schr\"odinger
(3.1) $u(t)\in C([0, \infty);L^{2}(\mathrm{R}^{n}))$ $N>0$
$\langle x\rangle^{N}u(\mathrm{o}, X)\in L^{2}(\mathrm{R}^{n})$ $u(t)$ !J O<t<\mbox{\boldmath $\pi$}
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$t=t_{0}/2=\pi/2$
Theorem 3.5 Theorem 3.3 A=I \mbox{\boldmath $\kappa$} $<1$ $u(t)\in$
$C([0, \infty);L^{2}(\mathrm{R}^{n}))$ Schr\"odinger (3.1)
$WF(u(\pi/2, \cdot))$ $=\{(x, \xi);(-x, -\xi)\in WF(\hat{u}(0, \cdot))\}$ .
\^u $x$ Fbu r
t=t0=\mbox{\boldmath $\pi$}
Theorem 3.6 Theorem 3.5 ’ $u(t)\in C([0, \infty);L^{2}(\mathrm{R}^{n}))$
Schr\"odinger (3.1)
$WF(u(\pi, \cdot))=\{(x, \xi);(-x, -\xi)\in WF(u(0, \cdot))\}$ .
Remark 3.5 sublinear





Remark 3.6 [$\mathit{2}\mathit{9}J$ [17]
smoothing effect
Theorem 3.3
A. Weinstein [$\mathit{2}\mathit{6}J$ $(A_{0})$ Theorem $\mathit{3}.\theta$
.
$\epsilon>0$ $I_{+}(\epsilon)=[0, \epsilon]$ ,
$I_{-}(\epsilon)=[-\epsilon, 0]$
Theorem 3.7 $V(x)$ $\sigma$ $\epsilon$
$u\in C(I_{\pm}(\in);D’(\mathrm{R}n))$
$Lu\in H^{\sigma}$ for $t\in I_{-}(\epsilon)$ ( resp. $I_{+}(\xi)$ ).
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$t\in I_{-}(\in)$ (resp. $I_{+}(\epsilon)$) – $(x_{0}, \xi_{0})\not\in WF_{\sigma}u(t)$
$(x_{0},\xi 0)$ O $N$ CN
$\int_{1}^{\infty}\lambda^{3n/2\sigma-1}2+\int_{0}|P_{\lambda}u(x, \xi)|^{2}dxd\xi d\lambda\leq C_{N}\lambda^{-N}$
\forall \mbox{\boldmath $\lambda$} $>1\forall t\in I-(’\epsilon)_{\mathrm{z}}$ (resp. $I_{+}(\epsilon)$) $\phi_{\mathit{0}}^{S}(x, \xi)\not\in WF_{\sigma}u(\mathrm{O})$
$s<0$ (resp. $s>0$)
(3.7)
Hamilton flow $\{\phi^{-t}(\hat{q}, \lambda\hat{p});\lambda>1\}$ r(\mbox{\boldmath $\phi$}-t(q^, $\lambda\hat{p}$))
$\mathrm{O}-_{r}(\emptyset^{-}t(\hat{q}, \lambda\hat{p}))=\bigcup_{(p’\in B_{2}r\hat{P})}Br(X(-t,\hat{q}, \lambda p)’, \lambda^{-1}\text{ }(-t,,\hat{q}, \lambda\hat{p}))\}=$
.
$(q,p)$ (2.4)









Theorem $3.2_{\text{ }}$ Theorem 33
Schr\"odinger (3.1) $u(t)\in C([0, \infty);L^{2}(\mathrm{R}^{n}))$
$(x, \xi)\in WF(u(0, \cdot))$ $t>0$ Hamilton
$\phi^{t}(\hat{X}, \lambda\xi)$
$\sim$
4 ( $2$ ) $-\mathrm{A}\mathrm{n}\mathrm{a}\mathrm{l}\mathrm{y}\mathrm{t}\mathrm{i}\mathrm{c}$ category-
$C^{\infty}$
Schr\"odinger (1..1)
$u(t)$ $u_{0}$ $u(t)$ $0$






\alpha $M_{0^{\text{ }}}$ $M_{1\text{ }}B_{\alpha}$
$(\mathrm{B}_{\kappa})$ $|\partial_{x}^{\alpha}V(X)|\leq M0M_{1}^{|\alpha||}\alpha!\langle X\rangle\kappa-|\alpha$ , $\forall x\in bRn$ .
, $\langle x\rangle=\sqrt{1+|x|^{2}}$ .
$u\in S’$ analytic wave front set $WF_{A}(u)$
([25]) \rho $=(y, \eta)\in T^{*}(\mathrm{R}^{n})\backslash \{0\}$ $WF_{A}(u)$
\rho V $C$ &
$\sup_{(x,\xi)\in V}|P\lambda u(x, \xi)|\leq Ce^{-\mathcal{E}}\lambda$
\mbox{\boldmath $\lambda$} $>1$
Rn 2 $\mathrm{R}^{n}\cross$
$(\mathrm{R}^{n}\backslash 0)$ $(x, \xi)$ $u(x)$
$\gamma_{x,\xi}=\{X+\lambda\xi;\forall\lambda>0\}$
$x$ \mbox{\boldmath $\omega$} \xi F
$R$ \mbox{\boldmath $\delta$}
(4.1) $|u(y)|\leq Ce^{-\delta|}y|,$ $\forall y\in(\omega+\Gamma)\backslash B_{R}(0)$
a
$u(x)$ \mbox{\boldmath $\gamma$}x,\xi $x$ \mbox{\boldmath $\omega$} \xi \Gamma
$R_{\text{ }}C_{\mathit{0}},$ $C_{1}$ \alpha
(4.2) $||\partial_{y}^{\alpha}u(y)||_{L^{2}}((\omega+\Gamma)\backslash B_{R}(0))\leq c^{|\alpha|+1}\alpha!$
subquadratic
Theorem 4.1 $\kappa<2$ $(B_{\kappa})$ $u(t)\in C([0, \infty);L^{2}(\mathrm{R}^{n}))$
(3.1) $u(0)\in L^{2}(\mathrm{R}^{n})$ \mbox{\boldmath $\gamma$}x, $-\xi$
\mbox{\boldmath $\gamma$}x, $-\xi$




Theorem 4.2 $(B_{\kappa})$ $\kappa<2$ $u(t)\in C^{\mathit{0}}(\mathrm{R};L^{2}(\mathrm{R}^{n}))$
Schr\"odinger (3.1) $\rho=(x, \xi)$ \rho
$M_{\text{ }}$ \mbox{\boldmath $\delta$}
(4.3) $\sup_{(q,p)\in\ominus}|\int W(u_{0})(\emptyset-t(X, \lambda\hat{\xi}))\exp[-\lambda(|x-q|^{2}+|\hat{\xi}-p|^{2})]d_{Xd}\hat{\xi}|$
$\leq M\exp(-\delta\lambda)$ as $\lambdaarrow\infty$ .
$t\neq 0$ $(x, \xi)\not\in WF_{A}(u(t))$
5 $3.2_{\text{ }}3.3$
$V(x)=|x|^{2}/2$ Theorem 3.3 (
Mehler
)
Proposition 5.1 $u(t)\in C([0, \tau];L^{2}(\mathrm{R}^{n}))$ (3.1)
(5.1) $\int W(u)(t, X, \lambda\hat{\xi})\exp\{-\lambda|(x-q,\hat{\xi}-p)|^{2}\}d_{X}d\hat{\xi}$
$= \int W(u)(\mathrm{o}, x, \lambda\hat{\xi})\exp\{-\lambda|\tilde{\phi}^{t}(x, \lambda\hat{\xi})-(q,p)|^{2}\}dXd\hat{\xi}$
$= \int W(u)(\mathrm{O}, \phi-t(x, \lambda\hat{\xi}))\exp\{-\lambda|(X-q,\hat{\xi}-p)|^{2}\}d_{X}d\hat{\xi}$
\mbox{\boldmath $\lambda$} $>1$
–
Lemma 5.2 $v\in C^{1}(\mathrm{R};S(\mathrm{R}^{n}))$
$( \partial_{t}-i\frac{1}{2}\triangle+iV(x))v=0$ .
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(5.2) $f(t, x, \xi)=W(v(t))(_{X,\xi)}$
(5.3) $\{\partial_{t}+\xi\cdot\partial x-\partial xV(x)\cdot\partial_{\xi}\}f(t, x, \xi)=0$
Proof:
$\partial_{t}f(t, x, \xi)=\int e^{-iy\xi}\{v_{t}(x+\frac{1}{2}y)\overline{v}(X-\frac{1}{2}y)+v(X+\frac{1}{2}y)\overline{v}_{t}(x-\frac{1}{2}y)\}dy$
$= \int e^{-iy\xi}\{i(\frac{1}{2}\triangle-V(x+\frac{1}{2}))v(_{X+\frac{1}{2}}y)\}\overline{v}(X-\frac{1}{2}y)dy$









$V(x+ \frac{1}{2}y)-V(_{X}-\frac{1}{2}y)=\nabla V(_{X)\cdot y}$
$ye^{-iy\xi}=i\nabla_{\xi}e^{-}iy\xi$





(5.5) $\int W(u)(t, \emptyset^{t}(x, \lambda\hat{\xi}))\exp\{-\lambda|(X-q,\hat{\xi}-p)|2\}dXd\hat{\xi}$
$= \int W(u)(\mathrm{o}, X, \lambda\hat{\xi})\exp\{-\lambda|(x-q,\hat{\xi}-p)|^{2}\}dXd\hat{\xi}$




Proposition 5.3 Theorem 3.2 $\delta_{0}=2-\kappa>0$
$Lu=g\in C([0, \tau];L^{2}(\mathrm{R}^{n}))$ $u(t)\in C([0, \tau];L^{2}(\mathrm{R}^{n}))$
$(\hat{q},\hat{p})\in \mathrm{R}^{n}\cross(\mathrm{R}^{n}\backslash \{0\}$ $N$
’ \epsilon , $C_{\text{ }}$ M
(5.6)
$(q,p) \in\sup_{r\hat{q},\hat{p})}\int B(|W(u)(t, x, \lambda\hat{\xi})\exp\{-\lambda|(X,\hat{\xi})-(q, p)2\}dxd\hat{\xi}dpdq$
$\leq C$ $\sup_{\hat{p},(q,p)\in Br+\epsilon(\hat{q},)}\int W(u)(0, X, \lambda\hat{\xi})\exp\{-\lambda|\tilde{\phi}_{0}^{t}(x, \lambda\hat{\xi})-(q,p)|2\}dxd\hat{\xi}$
$+C$ $\sup_{\hat{p},(q,p)\in B_{r+\epsilon}(\hat{q},)}\int^{t}\mathit{0}\int W(g)(S, x, \lambda\hat{\xi})\exp\{-\lambda|\tilde{\emptyset}t-s(x, \lambda\hat{\xi}),$ $(q,p)|2\}dSdXd\hat{\xi}$
$+M\lambda^{-N\delta_{0}}||u(\mathrm{o}, \cdot)||^{2}L2$
for any $\lambda>1$ and $0<t<T$ .
$\int W(u)(t, x, \lambda\hat{\xi})\exp\{-\lambda|(x,\hat{\xi})-(q,p)|^{2}\}d_{X}d\hat{\xi}$




$\chi\in C_{\mathit{0}}^{\infty}(\mathrm{R}^{n})$ $x\in B_{1/2}(0)$ 1 $B_{1}(0)$ $0$
$0$







$\leq M_{N}\lambda^{-N}$ for all $\lambda>1$
(6.2) $\phi^{t}(x, \xi)=(X(t, X, \xi),---(t, X, \xi)),$ $\phi_{\infty}^{t}(x, \xi)=(x+t\xi, \xi)$ ,
(6.3) $\phi_{-1}^{t}(x, \xi)=\phi^{t}(X, \xi)-\phi_{\infty}^{t}(x, \xi)=(\mu(t, x, \xi), \mathcal{U}(t, X, \xi))$
$(q,p)$
$\int x_{2\hat{p}}r,\overline{q},(q,p)W(u)(\mathrm{o}, X, \lambda\hat{\xi})\exp\{-\lambda|\tilde{\phi}^{t}(x, \lambda\hat{\xi})-(q,p)|^{2}\}dxd\hat{\xi}dpdq$
$= \int x2r,\hat{q},\hat{p}$ ($q+t\lambda\hat{\eta}+\mu(t, y, \lambda\hat{\eta}),p+\lambda^{-}1$l (t, $y,$ $\lambda\hat{\eta}$)) $\exp\{-\lambda((y-q)^{2}+(\hat{\eta}-p)^{2})\}$
$\cross W(u)(\mathrm{O}, y, \lambda\hat{\eta})dyd\hat{\eta}dpdq$
(6.4) $\sup_{\Sigma}\int e^{-i\lambda py}\exp[-\lambda y^{2}/2]u_{\mathrm{o}(}y+q)dy$
\mbox{\boldmath $\lambda$} . $\Sigma$
(6.5) $\Sigma_{--}\{(q,p);|q+t\lambda\hat{\eta}+\mu(t, y, \lambda\hat{\eta})-\hat{q}|\leq r$,
$|p+\lambda^{-1}\nu(t, y, \lambda\hat{\eta})-\hat{p}|\leq r,$ $(y,\hat{\eta})\in B_{r+\epsilon}(\hat{q},\hat{p})\}$ .
$u_{0}\text{ }J\not\leq 8\gamma x,-t\hat{\xi}$ (6.4)
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$\leq C\lambda^{-j}\exp[-\frac{1}{2}y^{2}]$ $...\cdot$ .
7 Theorem 3.7
Theorem 3.7 : $\chi\in C_{0}^{\infty}(\mathrm{R}n)$ x\in B1 (0) 1 $B_{2}(0)$
$0$ $R$ u\in C(I; $D’(\mathrm{R}^{n})$ ) $u_{R}(t, x)$
\mbox{\boldmath $\chi$}(x/R)u(t, $x$ ) k $u_{R}(t, X)$ $C(I;H^{-k}(\mathrm{R}^{n}))$
$\frac{1}{i}\partial tuR(t, X)-\frac{1}{2}\triangle uR(X, t)+V_{R}(x)u_{R}(x, t)=g_{R}(t, x)$ ,
$V_{R}(x)=\chi(x/2R)V(X)\text{ }g_{R}(t, x)\in H^{-k-2}(\mathrm{R}^{n})$ $V_{R}$
$(A_{0})$ $v_{j}(t, X)=$
$\chi(D_{x}/j)uR(t, x)$ $C^{1}([-\epsilon, 0];S(\mathrm{R}^{n}))$
$v_{j}(t)arrow u_{R}(t)$ in $S’(\mathrm{R}^{n})$ as $jarrow\infty$
Hamilton $\{\phi_{0}^{t}(X, \xi);|t|\leq N\lambda^{-1}\}$
$N>0$ $|N\hat{\xi}|\leq R-1$ $t_{\lambda,N}=N\lambda^{-1}$
$g_{R}(t, x)=g(t, X)$ if $x\in B_{R}(0)$ $(\hat{q},\hat{p})\in B_{R-1}(0)$ $0\leq t\leq t_{\lambda,N}$
$0<r<1/2$
$\int\chi_{r,\hat{q},\hat{p}}(q,p)\exp\{-\lambda(x-q)^{2}-\lambda(\frac{\xi}{\lambda}-p)2\}W(g)(t, x, \xi)\lambda^{2\kappa}+\frac{3}{2}-1d_{X}d\xi dpdqd\lambda<\infty$ .
$\text{ }\dot{\mathrm{o}}$ (5.6) $v=v_{j}$ , $[.0, t]$
$[-t_{\lambda,N}, \mathrm{o}]$ $jarrow\infty$




\mbox{\boldmath $\chi$} \mbox{\boldmath $\chi$}L\in CC0\infty (B(0, 1)), $L=$




$\rho=(\hat{q},\hat{p})$ v\in L2(Rn) analytically frequency set $F_{A,\phi^{-t}}(v)$
\rho O- $M$, \mbox{\boldmath $\delta$}
(8.1) $\sup_{(q,p)\in}|\int W(v)(\phi^{-}t(x, \lambda\hat{\xi}))\exp[-\lambda(|x-q|^{2}+|\hat{\xi}-p|2)]dxd\hat{\xi}|$
$\leq M\exp(-\delta\lambda)$ as $\lambdaarrow\infty$ .
Theorem 4.2
Proposition 8.1 $(\hat{q},\hat{p})\not\in \mathcal{F}_{\phi_{0}^{-t}}(u_{\mathit{0}})$ r $C_{j}$ , $j–$
$0,1_{;}$ $k$
$(q_{\sim})) \in B(\hat{q},\hat{p},r)\sup_{p}|P\lambda(u(t))|\leq c_{0^{C_{1}}/}kk!\lambda^{k}$
$v(t, x)\in C^{1}(\mathrm{R};S(R^{n}))$ (3.1)
$(\mathrm{c}.\mathrm{f}. \S 5)_{\text{ }}$
(82) $\{\partial_{t}+\xi\cdot\partial x\}W(v)(t, x,\xi)$
$= \int e^{-iy\xi}\{-i(V(_{X}+\frac{1}{2}y)-V(_{X}-\frac{1}{2}y))v(_{X+y}\frac{1}{2})\overline{v}(_{X}-\frac{1}{2}y)\}dy$ .
$(B_{\kappa})$ $x$ Taylor $M$
|y|\leq $\langle$x$\rangle$ /M
$V(x+ \frac{y}{2})-V(x-\frac{y}{2})=2k\sum_{=\mathit{0}}^{\infty}\sum_{+|\alpha \mathrm{I}=2k1}V(\alpha)(_{X)(y}/2)^{\alpha}/\alpha!$ .
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(8.4) $= \int\triangle_{p}^{k}x_{L,\rho}r,(q,p)\exp[-\lambda\{(x-q)^{2}+(\xi-p)^{2}]W_{2}(v)(x, \xi)dxd\xi dpdq$
(8.5)
$| \int\chi_{L,r,\rho}(q,p)\exp[-\lambda\{(x-.q)2+’(\xi-p)^{2}]\triangle kW_{2}(\xi v)(x, \xi)dxd\xi dpdq|$
(8.6) $\leq c_{\mathit{0}}c_{1}^{k}k!/\lambda^{k},$ $2k\leq L$
$W_{1}(v)$ (8.2)
(8.7) $\{\partial_{t}+\xi\cdot\partial_{x}-\partial_{x}V(X)\cdot\partial\xi\}W1(v)(t, X, \xi)=-iP(x, -D\xi)W_{1}(v)(t, X, \xi)$
$P(x,. \eta)=2k\sum_{=1\alpha}^{\infty}.\sum_{||=\mathit{2}k+1}V^{()}\alpha(X)(\eta/2)^{\alpha}/\alpha!$ .
$F(S, x, \xi)=W1(v)(S, \emptyset^{S-}t(x, \xi))$
.
’. $\frac{d}{ds}F=\{\partial_{S}+\xi\cdot\partial_{x}-\partial xV(_{X})\cdot\partial_{\xi}\}F$
$s$ $(y, \eta)=\phi^{s-t}(x, \xi)$
(8.8)
$\int\chi_{L,r,\rho}(q,p)W_{1}(v)(t, y, \lambda\hat{\eta})\exp\{-\lambda|(y-q,\hat{\eta}-p)|^{2}\}dxd\hat{\xi}dpdq$
$= \int\chi_{L,r,\rho}(q,p)W_{1}(v)(0, y, \lambda\hat{\eta})\exp\{-\lambda|(X(t, y, \lambda\hat{\eta})-q,---(t, y, \lambda\hat{\eta})/\lambda-p)|^{2}\}dXd\hat{\xi}dpdq$
$-i \int\int_{\mathit{0}}^{t}\chi_{L,r,\rho}(q,p)[P(y, -D\overline{\eta}/\lambda)W1(v)](t-S, y, \lambda\hat{\eta}))$ ..
$\mathrm{x}\exp\{-\lambda|(X(t-S, y, \lambda\hat{\eta})-q,---(t-s, y, \lambda\hat{\eta})/\lambda-p)|2\}dSdXd\hat{\xi}dpdq$ .
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$(y, \lambda\hat{\eta})$ $\mathrm{Y}$
$q’=q-X(t-S, \mathrm{Y})+y,$ $p’=p-\nu(t-s, \lambda\hat{\eta})$ ,
$\hat{\eta}$
(8.9)
$\int\int_{\mathit{0}}^{t}xL,r,\rho(q,p)[P(y, -D_{\hat{\eta}}/\lambda)W1(v)](t-s, y, \lambda\hat{\eta}))$











( $C^{\infty}$ [7] )
Lemma 8.2 $C_{0},$ $C_{1}$ $0\leq s\leq t$
(8.11) $|(\lambda^{-1}\partial_{\hat{\eta}})^{\alpha}\mu(t-s, y, \lambda\hat{\eta})|\leq c_{0}C1(|\alpha|t-S)2+|\alpha|\lambda(\kappa-\dot{1})_{+}$
(8.12) $|(\lambda^{-1}\partial\hat{\eta})\alpha\nu(t-s, y, \lambda\hat{\eta})|\leq C_{0}c_{1}^{|\alpha}|(t-s)1+|\alpha|\lambda(\kappa-1)+$ .











$t-s\geq M/\lambda$ $M\text{ }<M/2$
. . $C_{j},$ $j=0,1$
$|V^{(\alpha)}(q)|\leq c_{0}c_{1}|\alpha|+1\alpha!\langle(t-S)\lambda\hat{\eta}\rangle\kappa-|\alpha|$
$\int_{\mathit{0}}^{(tM/\lambda)}-+)(t-S)^{||}\alpha|V^{(}\alpha)(q|\leq c_{0}c_{1}|\alpha|+1!\alpha\lambda-|\alpha|\langle(t-s)\lambda\hat{\eta}\rangle\kappa-|\alpha|$.
$t$ –s\leq M/\mbox{\boldmath $\lambda$} (8.13)
$c_{0}c_{1}^{1\beta}+\gamma|\beta!\gamma!(M/\lambda)^{1}\beta|$ .
(8.14)
$\int\int_{\mathit{0}}^{t}\chi L,r,\rho(q,p)[P(y, -D/\lambda)W1(v)](_{S}, y, \lambda\hat{\eta}))\hat{\eta}$
$\cross\exp\{-\lambda|(X(t-s, y, \lambda\hat{\eta})-q, ---(t-s, y, \lambda\hat{\eta})/\lambda-p)|2\}dSdxd\hat{\xi}dpdq$
91
$\leq\sum_{k=1|=}^{\infty}\sum_{\alpha|2k^{\wedge}+1}c\mathit{0}C_{1}^{|\alpha}|\alpha!\lambda\hslash-|\alpha|\int 0\int t)x_{L},r+\delta,\rho(q,p)W_{1}(v)(_{S},y,\lambda\hat{\eta})$




$\int u(y, \lambda\hat{\eta})\exp\{-\lambda|(X(t, y, \lambda\hat{\eta})-q,---(t, y, \lambda\hat{\eta})/\lambda-p)|2\}dyd\hat{\eta}$ .
‘
$| \int x_{L,r,\rho}(q,p)E(\mathrm{o})W1(v)(t, y, \lambda\hat{\eta})dpdq-\int\chi_{L,r,\rho}(q,p)E(t)W_{1}(v)(0)dpdq|$
$\leq C_{\mathit{0}}\lambda^{\kappa-}3\mathrm{p}\mathrm{e}\mathrm{x}[c_{1}/\lambda]\int_{\mathit{0}}^{t}\int\chi_{L,r+\delta},\rho(q,p)E(t-s)W1(v)(S)dpdqds$ ,
$+Ce$ $- \epsilon\lambda\int_{\mathit{0}}^{t}||v(S)||2L2dS$ ,
$0<s\leq t$
$| \int\chi_{L,\mathrm{r},\rho}(q,p)E(t-S)W_{1}(v)(s)dpdq-\int\chi_{L,r,\rho}(q,p)E(t)W_{1}(v)(0)dpdq|$














$\omega_{2n}$ $2n$ \mbox{\boldmath $\delta$}=r/N
$v(t, )\in C^{0}(\mathrm{R};L^{2}(R^{n}))$
$C$ \epsilon o
$| \int x_{L,2r,\rho}(q,p)E(t)W(v)(\mathrm{o})dpdq|\leq Ce^{-\zeta}0\lambda$
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